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  ي معاونت پژوهش و فن آور
  ابه نام خد
  منشور اخلاق پژوهش
فرهنگ  يگاه دانشگاه در اعتلاي ت جاي ناظر بر اعمال انسان و به منظور پاس داشت مقام بلند دانش و پژوهش و نظر به اهم ن که عالم محضر خداست و همواره ي از خداوند سبحان و اعتقاد به ا ي اريبا 
  م:ي نکن  يآن تخط  مد نظر قرار داده و از  يپژوهش  يت هاي  را در اجاام ععا  يرم اصول زي گرد يمتعهد م  يدانشگاه آزاد اسلام  يواحدها يئت علم ي ه  يان و اعضاي،ما دانشجوي و تمدن بشر 
  قت.ي حق  ي از هرگونه پنهان ساز ي به آن و دور ي قت و وفاداري حق  ييجو يپ  ي: تلاش در راستاييقت جوي اصل حق -1
   اببان ق..يروان و نبات) و ساي دگان(انسان،ح يت کامل حقوق پژوهشگران و پژوه ي : التزام به رعات حقوقي اصل رعا-2
  ه هم کاران پژوهش.ي دانشگاه و کل  يو معنو يت کامل حقوق مادي رعا: تعهد به يو معنو يت مادي اصل مالک  -3
  ه هم کاران پژوهش.ي د و عو که رشور در کل و در نظر داشتن پيشبر يت مصالح مل ي : تعهد به رعاياصل مناعع مل  -4
  ار.يزات و منابع در اخت ي و حفاظت از اموال، تجه  ير علم ي غ  ي : تعهد به اجتناب از هر گونه جانب دارت انصاف و امانتي اصل رعا -5
  ..ي مرتبط با تحق  يه افراد و نهادهاي انت از اسرار و اطلاعات محرمانه افراد،سازمان ها و رشور و کل ي: تعهد به ص ي اصل رازدار -6
  .ياز هر گونه حرمت شکن  ي ت جانب نقد و خودداري قات و رعاي م ها و حرمت ها در اجاام تحق ي ت حري : تعهد به رعااصل احترام -7
  دارد. يکه منع قانون  ير از مواردي ان به غ يو دانشجو يج آن به هم کاران علم ي : تعهد به رواج دانش و اشاعه نتاجي اصل ترو -8
  .ندي آلا يم  ير علم ي غ  يکه قوزه علم و پژوهش را به شائبه ها يو اعلام موضع نسبت به رسان  ير حرفه اي از هرگونه رفتار غ  يي: التزام به برائت جواصل برائت -9
 
 
  
 
 
 
 
  
 
  Ph.D 
 
 
  
 
.
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 و مادر عزيزم م به پدر ي تقد
دند و خود را سپر يها را به جان خر يشان گذشتند، سخت ي که از خواسته ها يآن دو فرشته ا
 ستاده ام برسمي که اکنون در آن ا يگاه ي مات کردند تا من به جاي مش کلات و ناملا يبلا
 م به همسرمي تقد
  ياز قلب  يبه پاس قدر دان 
مح
سرشار از سلامت و  يط ي آکنده از عش. و معرفت که 
 من فراهم آورده است يش برا ي ت و آرامش و آساي امن 
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Daphnia magna
Amphibalanus amphitritArtemia fransiscana
LC50 
DOpHECSSTDS-
LC50,LC10,LC90
LC50 96h
-
Artemia fransiscanaDaphnia magnaAmphibalanus amphitrit
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Angel, Batley et al. 2013
ENPs
Clemente, Castro et al. 2013
 
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Hanna, Miller et al. 2013.
DNA
 
 
 
 Artemia salina 
 
Artemia sinica, Artemia persimilisArtemia urmiana, Artemia franciscana, 
Artemia tibetiana, Artemia parthenogenetica, Artemia monica 
2008 Asem 
Gajardo and Beardmore 2012
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clasper
 ،يرون و قآ6731(
diapause
.
EE
E
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).1376،. يآق و نورE
E
1376فر، يمانيا
.
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(www.wildaboututah.org) 
Camargo, Ely et al. 2003
Animalia 
Arthropoda
Branchiopoda
 Anostraca
Artemidae 
Artemia
franciscana
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Artemia franciscanawww.britannica.com
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Gajardo and 
Beardmore 2012
Asem 2008
Asem 2008
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Gajardo and Beardmore 2012
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CO2
Gajardo and Beardmore 2012 
Bethesda 
2005Daphnidae
Fryer 1991.
Pietrzak, Bednarska et al. 2013
Mucklow and Ebert 2003.
                                                          
1 Swammerdam                                                                                     
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Mucklow and Ebert 2003
.
Barata, Alanon et al. 2008
.
                                                          
1  Pulex 
2  Magna 
3  Dormant Eggs 
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Hirano, Ishibashi et al. 2004
R. W. Rottmann, J. Scott Graves et al. 
2013
Hirano, Ishibashi et al. 2004
www.bioweb.uwlax.edu 
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Tišler and Zagorc-Končan 2002
 
  
  
  
  
  
  
 biology.anu.edu.au 
Ebert, Rainey et al. 1996
Animalia 
Arthropoda
Branchiopoda
 Cladocera
Daphniidae 
Daphnia
magna
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     .  
               
                    
        (Nogata and Matsumura 2006)
                
 
Anderson 1993 
Nasrolahi, Pansch et al. 2012
Nasrolahi, Havenhand et al. 2016
 Amphibalanus Amphitrite  Balanidae      
                
 
                 
                 
        .
Anderson 1993
 
 
17 
 
                  
                 
     Lang, Forward et al. 1980. 
Nogata and Matsumura 2006. 
.
 
   
Nauplius 
Nauplius
 Cyprid 
 Cyprid
 cyprid 
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 adult
.
 
SHAHDADI13, Sari et al. 2014
Animalia 
Arthropoda
Maxillopoda
 Thoracica
Balanidae 
Amphibalanus
Amphibalanus amphitrite
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 (oceanservice.noaa.govwww. )
(oceanservice.noaa.govwww. )
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Angel, Batley et al. 2013
ENPs
Clemente, Castro et al. 2014: 
 
 
 
 
 
 
Hanna, Miller et al. 2013.
DNA
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TiO2
 TiO2 
 TiO2 
Clemente, Castro et al. 2013
Bhattacharya, Davoren et al. 2009
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 TiO2 
Ates, 
Daniels et al. 2013
 TiO2 
 
Clemente, Castro et al. 2014
CuO
Kasemets, Ivask et al. 2009
 
.
Adam, Vakurov et al. 2015 
 
.
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Wang, Lin et al. 2016 
ZnO
 ZnO 
Baek and An 2011
 
 TiO2 
(Chen, O'Halloran et al. 2016)
Lopes, Ribeiro et al. 2014
 
Xiong, Fang et al. 2011 
 
 
 
 
 42
 
 
 
  
  
  
  
 
 
 
 
  
 بصورت مجزا  )رانيدر ا(نوع نانوذره پرمصرف  3ت يمطالعه اثر سم -
 ن سه نوع ماده يو همزمان ا نده)ياز(ف ياثرات تجمع يبررس -
 ن يريشور و ش ار شور،يبس يشاخص آبها يگونه ها يمطالعه اثرات حاد و مزمن نانو ذرات بر رو -
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LC50TiO2ZnO
  
                   
         SPSS v16.0     
       12    
LC50 
         
              
             .
TiO2
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CuOZnO  TiO2 
 
MTBE
LC10 –LC90 
MTBE 
 MTBE  (WASs )
LC10LC50  LC90 
 MTBE 
 mg/ L MTBE 
 MTBE 
MTBE 
 
n-CuO
LDH
Oncorhynchus mykiss 
pptppt
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ppm
ppm
LC50
lc50
SAFE
SAR
Jaafarzadeh, 
Hashempour et al. 2013
Daphnia magna
 
 OECD 
 Probit .
 96hLC50  
NOCE  LOEC ) 
 
Huso huso
Cyprinus carpio
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(Carassius auratus)
 (Cyprinus carpio) 
 
           
  Capoeta capoeta gracilis)   
                  
         (    
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Oncorhynchus mykiss
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Hund Rinke
Hund-Rinke and Simon 2006 
LD50
Chen, Meng 
et al. 2006 
Chorella kesslari
LC90
Li, Zhang et al. 2008 
Pseudokirchneriella subcaitata
EC10
Van Hoecke, De Schamphelaere et al. 2009 
Nishimori, Kondoh et al. 2009. 
Chemosphere
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Zhu, Chang et al. 
2010 
96hLC50
Svecevičius 2010 
96h LC50
96 h 
LC50Zn
2+
Xiong, Fang et al. 2011 
Canesi, Ciacci et al. 2012 
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ENPs
Matranga and Corsi 2012 
Artemia salina
Ates, Daniels et al. 2013 
Daphnia magna
ENPs
LC50
Fan, Cui et al. 2013 
Fabrega, Luoma et al. 2013 
Cladocerans
Hall, Bradley et al. 2013 
                                                          
1 Engeenerd Nano Particles 
 
 
34 
 
Lopes
LC50
(Lopes, Ribeiro et al. 2014)
Minetto, Libralato 
et al. 2014
(Liu, Fan et al. 2014)
adam et al
CuCl2.2H2O
EC10 
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EC10
(Adam, Vakurov et al. 2015)
manfra 
Manfra, Savorelli et al. 2015 
AgTiO2TiO2
Ozkan, Altinok et al. 2015 
 Xiao 
 
LC50 48 h
Xiao, Vijver et al. 2015 
Cu
+2
Liu 
Cu
2+
TiO2 Cu
2+
TiO2Liu, Fan et al. 2015 
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 TiO2
ZnOCuO
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SEM
TiO2 NPs
TiO2
SEM
SEM
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SEM
CuO
CuO
SEM
SEM
SEM
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ZnO
ZnO
SEM
SEM
SEM
APSSSA
CuO 40 nm ~20 m2/g 99% 
ZnO 10-30 nm 20-60m2/g +99% 
TiO2 20 nm 10 - 45 m
2
/g +99% 
SSA: Specific Surface Area, APS: Average Particle Size 
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pH1 2EC
pH ColeParmer Model 5398-00 
ECsensefon378
 
                                                          
1 Potential of Hydrogen 
2 Electrical Conductivity 
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pHEC
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.
 
Anderson 1993, Nogata and Matsumura 2006, Nasrolahi, Havenhand et al. 2016 
 
 
 
 
FAO
Organization for Economic Cooperation and Development(OECD)No.23), 2000
DOpH
EC
                                                          
1 Dissolved Oxygen 
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AOAC
AOAC Official Method 999.11 (2000)
Nikon Eclipse 80iDino Digital Microscope
 Nikon Eclipse 80iDino-500X 
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LC50
AOAC
Chen, Meng et al. 
2006, Fan, Cui et al. 2013
ppm
LC50     
 ppm
ppm
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      ppm
ECDOpH
Probit 1.5
LC50 Jaafarzadeh, Hashempour et al. 2013, Shi, 
Magaye et al. 2013, Adam, Vakurov et al. 2015
LC50LC50LC50
 
AOAC
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ppm
LC50
ppm
ppm
 ppm
Probit 1.5LC50
.
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AOAC
ppm
LC50
      ppm
ppm
      ppm
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Synergist
 (McCarty, Dixon et al. 1992, Kraak, Lavy et al. 
1994, Mahar and Watzin 2005)
 
 
53 
 
TiO2%ZnO%CuO % 
CuO + ZnO 
CuO + ZnO 
CuO + ZnO 
CuO + TiO2 
CuO + TiO2 
CuO + TiO2 
TiO2 + ZnO 
TiO2 + ZnO 
TiO2 + ZnO 
ZnO + CuO + TiO2
ZnO + CuO + TiO2
ZnO + CuO + TiO2
AOAC
ppm
 
ppm
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McCarty, Dixon et al. 1992, 
Kraak, Lavy et al. 1994, Mahar and Watzin 2005
 ppm
 ppm
 
ppmZnOTiO2 
ZnOTiO2 
 ppm 
ppm 
 
ppm
Probit 1.5LC50
Ranjbar, JaafarZadeh et al. 2011, Clément, Hurel et al. 2013, Jaafarzadeh, 
Hashempour et al. 2013.
 
 
55 
 
ppmAOAC
ppm 
 ppm 
 ppm 
 ppm
Probit 1.5LC50.
AOAC
ppm
Ozkan, Altinok et al. 2015
 ppm
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 ppm
 ppm
ppm
Probit 1.5LC50
Falck, Lindberg et al. 2009, Jaafarzadeh, Hashempour et al. 2013
Sub lethal
LC50 96h
Finney 2009
Anderson 1993, Nasrolahi, Havenhand 
et al. 2016
Zhu, Chang et al. 2010 
sublethal
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Adam, Vakurov et al. 2015
mg/l
ccZhu, Chang et al. 2010, Liu, Fan et al. 2014, Adam, Vakurov 
et al. 2015.
 
mg/L
10% LC50-96h 20% LC50-96h 50% LC50-96h 
TiO2 
CuO
ZnO
TiO2 (50%) + ZnO(50%)
TiO2 (25%) + ZnO(75%)
TiO2 (75%) + ZnO(25%)
CuO(25%) + ZnO(75%)
CuO(50%) + ZnO(50%)
CuO(75%) + ZnO(25%)
CuO(50%) +  TiO2 (50%)
CuO(25%) +  TiO2 (75%)
CuO(75%) +  TiO2 (25%)
CuO(50%) +  TiO2 (25%) + ZnO (25%)
CuO(25%) +  TiO2 (25%) + ZnO (50%)
CuO(25%) +  TiO2 (50%) + ZnO (25%)
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Nogata and Matsumura 2006, Nasrolahi, 
Havenhand et al. 2016, van Dam, Trenfield et al. 2016
Thiyagarajan, 
Harder et al. 2002, Qiu, Thiyagarajan et al. 2005
sublethal
mg/L
10% LC50-96h 20% LC50-96h 50% LC50-96h 
TiO2 
CuO
ZnO
TiO2 (50%) + ZnO(50%)
TiO2 (25%) + ZnO(75%)
TiO2 (75%) + ZnO(25%)
CuO(25%) + ZnO(75%)
CuO(50%) + ZnO(50%)
CuO(75%) + ZnO(25%)
CuO(50%) +  TiO2 (50%)
CuO(25%) +  TiO2 (75%)
CuO(75%) +  TiO2 (25%)
CuO(50%) +  TiO2 (25%) + ZnO (25%)
CuO(25%) +  TiO2 (25%) + ZnO (50%)
CuO(25%) +  TiO2 (50%) + ZnO (25%)
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Brix, Cardwell et al. 2003, 
Libralato, Prato et al. 2016
 Manfra, Savorelli et al. 2015
mg/L
10% LC50-96h 20% LC50-96h 50% LC50-96h 
TiO2 
CuO
ZnO
TiO2 (50%) + ZnO(50%)
TiO2 (25%) + ZnO(75%)
TiO2 (75%) + ZnO(25%)
CuO(25%) + ZnO(75%)
CuO(50%) + ZnO(50%)
CuO(75%) + ZnO(25%)
CuO(50%) +  TiO2 (50%)
CuO(25%) +  TiO2 (75%)
CuO(75%) +  TiO2 (25%)
CuO(50%) +  TiO2 (25%) + ZnO (25%)
CuO(25%) +  TiO2 (25%) + ZnO (50%)
CuO(25%) +  TiO2 (50%) + ZnO (25%)
 
 
61 
 
Excel,SPSS,Probit
Sig. 
One- Way ANOVA
Correlation
SPSS(18.0)
EXCEL
MATCLOECNOEC 
MATC
US.EPA,2010
Verma, Tonk et al. 1981, Adelman, Kusilek et al. 2009
                                                          
1
 maximum acceptable toxicant concentration 
2
 lowest observable effect concentration 
3
 no observable effect concentration 
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LOEC
NOEC 
 
SAFE SAR 
(SAFE)
LC0LC100
     
               
                 
SAR= (96 hours LC50) ×SAFE
                                                          
1
 Safety Factor 
2
 Safe Application Rate 
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Artemia franciscanaDaphnia magnaAmphibalanus amphitrit
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LC10 , LC50 , LC90
LC10mg/L
LC10 24h LC10 48 hLC10 72 hLC10 96 h
TiO2 
CuO 
ZnO 
LC50mg/L 
LC50 24h LC50 48 hLC50 72 hLC50 96 h
TiO2 
CuO 
ZnO 
LC90mg/L 
LC90 24h LC90 48 hLC90 72 hLC90 96 h
TiO2 
CuO 
ZnO 
 
0
C 
0
Cppt
DO
mg/L 
EC
mho/cm
pH
TDS
mg/L
TSS
mg/L 
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mg/lZnO
 
 
 
mg/lTiO2
 
mg/l CuO
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MATCLOECNOEC 
MATC , LOEC , NOECmg/L 
NOECMATCLOEC
TiO2 
CuO 
ZnO 
SAFE SAR 
SAFE , SAR 
SAFESAR
TiO2 
CuO 
ZnO 
                                                          
5
 maximum acceptable toxicant concentration 
4
 lowest observable effect concentration 
5
 no observable effect concentration 
4
 Safety Factor 
5
 Safe Application Rate 
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68 
 
 
nCuO
nCuO
nCuO
 
 
69 
 
nZnO
 
 
 
71 
 
- n-CuO
One – Way ANOVA
- n-ZnO
One-Way ANOVA
- n-TiO 
p-valu >0.05
 
 
71 
 
- n-CuO
- n-ZnO
- n-TiO2
Sig.
 
 
 
 
 
 
72 
 
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
n-TiO2 
Time 
Pearson Correlation 1 .000 .548** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .796** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .548** .796** 1 
Sig. (2-tailed) .000 .000 - 
n-CuO 
Time 
Pearson Correlation 1 .000 .393** 
Sig. (2-tailed)  1.000 .001 
Concentration 
Pearson Correlation .000 1 .885** 
Sig. (2-tailed) 1.000  .000 
Mortality 
Pearson Correlation .393** .885** 1 
Sig. (2-tailed) .001 .000  
n-ZnO 
Time 
Pearson Correlation 1 .000 .854** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .341** 
Sig. (2-tailed) 1.000 - .003 
Mortality 
Pearson Correlation .854** .341** 1 
Sig. (2-tailed) .000 .003  
**. Correlation is significant at the 0.01 level (2-tailed). 
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0
C 
0
Cppt
DO
mg/L 
EC
mho/cm
pH
TDS
mg/l
TSS
mg/l 
LC10mg/L
LC10 24h LC10 48 hLC10 72 hLC10 96 h
TiO2 
CuO 
ZnO 
LC50mg/L 
LC50 24h LC50 48 hLC50 72 hLC50 96 h
TiO2 
CuO 
ZnO 
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LC90mg/L 
LC90 24h LC90 48 hLC90 72 hLC90 96 h
TiO2
CuO 
ZnO 
 
mg/lZnO
mg/lTiO2
 
 
 
75 
 
mg/l CuO
MATCLOECNOEC 
 
MATC , LOEC , NOECmg/L 
NOECMATCLOEC
TiO2 
CuO 
ZnO 
                                                          
1 maximum acceptable toxicant concentration 
2 lowest observable effect concentration 
3 no observable effect concentration 
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SAFE SAR 
 
SAFE , SAR 
SAFESAR
TiO2 
CuO 
ZnO 
 
 
 
nCuO
 
                                                          
1 Safety Factor 
2 Safe Application Rate 
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78 
 
 
 
 
 
 
 
 
79 
 
- n-CuO
- n-ZnO
- n-TiO 
 
 
 
 
 
 
 
 
 
81 
 
- n-CuO
- n-ZnO
- n-TiO2
 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
n-TiO2 
Time 
Pearson Correlation 1 .000 .323** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .825** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .323** .825** 1 
Sig. (2-tailed) .000 .000 - 
n-CuO 
Time 
Pearson Correlation 1 .000 .580** 
Sig. (2-tailed)  1.000 .003 
Concentration 
Pearson Correlation .000 1 .736** 
Sig. (2-tailed) 1.000  .000 
Mortality 
Pearson Correlation .580** .736** 1 
Sig. (2-tailed) .001 .000  
n-ZnO 
Time 
Pearson Correlation 1 .000 .892** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .295** 
Sig. (2-tailed) 1.000 - .002 
Mortality 
Pearson Correlation .892** .295** 1 
Sig. (2-tailed) .000 .002  
**. Correlation is significant at the 0.01 level (2-tailed). 
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0
C 
0
Cppt
DO
mg/L 
EC
mho/cm
pH
TDS
mg/l
TSS
mg/l 
LC10mg/L
LC10 24h LC10 48 hLC10 72 hLC10 96 h
TiO2 
CuO 
ZnO 
LC50mg/L 
LC50 24h LC50 48 hLC50 72 hLC50 96 h
TiO2 
CuO 
ZnO 
LC90mg/L 
LC90 24h LC90 48 hLC90 72 HLC90 96 h
TiO2 
CuO 
ZnO 
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mg/lZnO
 
mg/lTiO2
 
 
mg/l CuO
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MATCLOECNOEC 
 
 
MATC , LOEC , NOECmg/L 
NOECMATCLOEC
TiO2 
CuO 
ZnO 
 
SAFE SAR 
 
 
SAFE , SAR
SAFESAR
TiO2 
CuO 
ZnO 
                                                          
5 maximum acceptable toxicant concentration 
4 lowest observable effect concentration 
5 no observable effect concentration 
2 Safety Factor 
1 Safe Application Rate 
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nCuO
 
nTiO2nCuO
 
 
86 
 
 
 
 
87 
 
 
 
 
 
 
 
 
 
 
 
 
88 
 
 
 
- n-CuO
- n-ZnO
One-Way ANOVA
- n-TiO 
K-S
 
 
 
89 
 
 
- n-CuO
- n-ZnO
- n-TiO2
 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
n-TiO2 
Time 
Pearson Correlation 1 .000 .486** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .845** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .486** .845** 1 
Sig. (2-tailed) .000 .000 - 
n-CuO 
Time 
Pearson Correlation 1 .000 .439** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .872** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .439** .872** 1 
Sig. (2-tailed) .000 .000 - 
n-ZnO 
Time 
Pearson Correlation 1 .000 .713** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .617** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .713** .617** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
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LC10 , LC50 , LC90
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
C 
0
Cppt
DO
mg/L 
EC
mho/cm
pH
TDS
mg/l
TSS
mg/l 
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LC10mg/L
LC10 24h LC10 48 hLC10 72 hLC10 96 h
TiO2(50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
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LC50mg/L
LC50 24h LC50 48 hLC50 72 hLC50 96 h
TiO2 (50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
94 
 
LC90mg/L 
LC90 24h LC90 48 hLC90 72 hLC90 96 h
TiO2 (50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
 
mg/l
TiO2(75%) + ZnO(25%)TiO2(50%) + ZnO(50%)
 
 
 
 
95 
 
mg/l
TiO2(25%) + ZnO(75%)CuO(75%) + ZnO(25%)
 
 
mg/l
CuO(25%) + ZnO(75%)CuO(50%) + ZnO(50%) 
mg/l
CuO(50%) +  TiO2(50%)CuO(75%) +  TiO2(25%) 
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mg/l CuO(25%) +  TiO2(75%)  
 
mg/l
CuO (25%)+ TiO2(50%) +ZnO (25%)CuO (25%)+TiO2(25%)+ ZnO (50%) 
 
 
mg/lCuO(50%) + TiO2(25%) + ZnO (25%)
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- 25%  ZnO+ 75% TiO 
K-Sp-value > 0.05
- 50%  ZnO+ 50% TiO2 
- 75%  ZnO+ 25% TiO2 
P-value > 0.05
One-Way ANOVA
- 75%  CuO+ 25% ZnO 
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- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
- 50%  CuO+ 50% TiO2 
- 75%  CuO+ 25% TiO2 
K-S
 
- 25%  CuO+ 75% TiO2 
-  25%  CuO+ 50% TiO2+25% ZnO 
K-S
-  25%  CuO+ 25% TiO2+50% ZnO 
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-  50%  CuO+ 25% TiO2+25% ZnO 
 
LC50
-  CuOZnO 
K-S
-  TiO2ZnO 
K-S
 P-value > 0.05
-  CuOTiO2 
 p-Value <0.05
 
 
111 
 
-  ZnO CuOTiO2 
- ZnO+TiO2ZnO 
p-value<0.05
- ZnO+TiO2TiO2 
25%ZnO+75%TiO250%ZnO+50%TiO275%ZnO+25%TiO2
ZnO (Sig.=0.042)  (Sig.=0.008)  (Sig.=0.010)   
TiO2(Sig.=0.879)  ×(Sig.=0.933)  ×(Sig.=0.994)  ×
 
 
111 
 
 ×
- ZnO+CuOZnO 
ZnO
- ZnO+CuOCuO 
25%ZnO+75%CuO50%ZnO+50%CuO75%ZnO+25%CuO
ZnO (Sig.=0.000)  (Sig.=0.000)  (Sig.=0.001)   
CuO(Sig.=0.779)  ×(Sig.=0.959)  ×(Sig.=0.806)  ×
 ×
- TiO2+CuOTiO2 
p-value> 0.05
- TiO2+CuOCuO 
p-value
 
 
112 
 
25% TiO2+75%CuO50% TiO2+50%CuO75% TiO2+25%CuO
TiO2 (Sig.=0.926)  ×(Sig.=0.951)  ×(Sig.=0.412)  ×
CuO(Sig.=0.549)  ×(Sig.=0.607)  ×(Sig.=0.091)  ×
 ×
- CuO 
- ZnO 
- TiO2 
p-value
 
 
113 
 
 50%  CuO+ 25% TiO2+25% ZnO25%  CuO+ 25% TiO2+50% ZnO25%  CuO+ 50% TiO2+25% ZnO
TiO2 (Sig.=0.321)  ×(Sig.=0.377)  ×(Sig.=0.998)  ×
CuO(Sig.=0.753)  ×(Sig.=0.813)  ×(Sig.=0.753)  ×
ZnO (Sig.=0.000)  (Sig.=0.000)  (Sig.=0.000)   
 ×
 
Correlations
- ZnO , TiO2 
 
- 25%  ZnO+ 75% TiO 
- 50%  ZnO+ 50% TiO 
- 75%  ZnO+ 25% TiO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
Z
n
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .389** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .882** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .389** .882** 1 
Sig. (2-tailed) .001 .000 - 
5
0
%
  
Z
n
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .300** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .924** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .300** .924** 1 
Sig. (2-tailed) .001 .000 - 
7
5
%
  
Z
n
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .291 
Sig. (2-tailed) - 1.000 .013 
Concentration 
Pearson Correlation .000 1 .885** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .291* .885** 1 
Sig. (2-tailed) .013 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
- CuO , TiO2 
- 25%  CuO+ 75% TiO 
- 50%  CuO+ 50% TiO 
- 75%  CuO+ 25% TiO 
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Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .392** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .885** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .392** .885** 1 
Sig. (2-tailed) .001 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .356** 
Sig. (2-tailed) - 1.000 .002 
Concentration 
Pearson Correlation .000 1 .869** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .356** .869** 1 
Sig. (2-tailed) .002 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .445* 
Sig. (2-tailed) - 1.000 .013 
Concentration 
Pearson Correlation .000 1 .840** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .445** .840** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
- CuO , ZnO 
- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
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- 75%  CuO+ 25% ZnO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .293** 
Sig. (2-tailed) - 1.000 .003 
Concentration 
Pearson Correlation .000 1 .903** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .291** .903** 1 
Sig. (2-tailed) .003 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .393** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .778** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .393** .778** 1 
Sig. (2-tailed) .001 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .284** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .823** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .284** .823** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , ZnO,CuO 
- 25%  CuO+ 25% ZnO+50%TiO 
- 25%  CuO+ 50% ZnO+25%TiO 
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- 50%  CuO+ 25% ZnO+25%TiO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
5
0
%
T
iO
 
Time 
Pearson Correlation 1 .000 .304** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .758** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .304** .758** 1 
Sig. (2-tailed) .001 .000 - 
2
5
%
  
C
u
O
+
 5
0
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .388** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .864** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .388** .864** 1 
Sig. (2-tailed) .001 .000 - 
5
0
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .300* 
Sig. (2-tailed) - 1.000 .010 
Concentration 
Pearson Correlation .000 1 .871** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .300* .871** 1 
Sig. (2-tailed) .010 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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0
C 
0
Cppt
DO
mg/L 
EC
mho/cm
pH
TDS
mg/l
TSS
mg/l 
LC10 
LC10 24h LC10 48 hLC10 72 hLC10 96 h
TiO2(50%)+ZnO(50%) 
TiO2 (25%)+ZnO(75%) 
TiO2 (75%)+ZnO(25%) 
CuO(25%)+ZnO(75%) 
CuO(50%)+ZnO(50%) 
CuO(75%)+ZnO(25%) 
CuO(50%)+TiO2 (50%) 
CuO(25%)+TiO2 (75%) 
CuO(75%)+TiO2 (25%) 
CuO(50%) + TiO2 (25%)+ZnO (25%) 
CuO(25%) + TiO2 (25%)+ZnO (50%) 
CuO(25%) + TiO2 (50%)+ZnO (25%) 
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LC50 
LC50 24h LC50 48 hLC50 72 hLC50 96 h
TiO2 (50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
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LC90 
LC90 24h LC90 48 hLC90 72 h LC90 96 h
TiO2 (50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
 
 
mg/l
TiO2(25%) + ZnO(75%)TiO2(50%) + ZnO(50%)
 
 
 
111 
 
mg/l
TiO2(75%) + ZnO(25%)CuO(25%) + ZnO(75%)
 
mg/l
CuO(75%) + ZnO(25%)CuO(50%) + ZnO(50%) 
mg/l
CuO(50%) +  TiO2(50%)CuO(25%) +  TiO2(75%) 
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mg/l CuO(75%) +  TiO2(25%) 
 
mg/l
CuO(25%)+ TiO2(50%) +ZnO (25%)CuO(25%)+TiO2(25%)+ ZnO (50%) 
mg/lCuO(50%) +  TiO2(25%) + ZnO (25%) 
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- 25%  ZnO+ 75% TiO2 
- 50%  ZnO+ 50% TiO2 
- 75%  ZnO+ 25% TiO2 
K-S 
P-value > 0.05One-Way ANOVA
- 75%  CuO+ 25% ZnO 
 
- 25%  CuO+ 75% ZnO 
One-Way ANOVA
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- 50%  CuO+ 50% ZnO 
- 50%  CuO+ 50% TiO2 
- 75%  CuO+ 25% TiO2 
One-Way ANOVA
- 25%  CuO+ 75% TiO2 
-  25%  CuO+ 50% TiO2+25% ZnO 
-  25%  CuO+ 25% TiO2+50% ZnO 
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- - 50%  CuO+ 25% TiO2+25% ZnO 
 
K-s
LC50
- CuOZnO 
-  TiO2ZnO 
-  CuOTiO2 
K-S
-  ZnO CuOTiO2 
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- ZnO+ TiO2ZnO 
 
- ZnO+TiO2TiO2 
25%ZnO+75%TiO250%ZnO+50%TiO275%ZnO+25%TiO2
ZnO (Sig.=0.985)  ×(Sig.=0.885)  ×(Sig.=0.987)  ×
TiO2(Sig.=0.082)  ×(Sig.=0.319)  ×(Sig.=0.095)  ×
 ×
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- ZnO+CuOZnO 
ZnO
- ZnO+CuOCuO 
 
25%ZnO+75%CuO50%ZnO+50%CuO75%ZnO+25%CuO
ZnO (Sig.=0.000)  (Sig.=0.028)  (Sig.=0.016)   
CuO(Sig.=0.051)  ×(Sig.=0.718)  ×(Sig.=0.952)  ×
 ×
TiO2+CuOTiO2 
- TiO2+CuOCuO 
p-value
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25% TiO2+75%CuO50% TiO2+50%CuO75% TiO2+25%CuO
TiO2 (Sig.=0.048)  (Sig.=0.003)  (Sig.=0.000)   
CuO(Sig.=0.008)  (Sig.=0.002)  (Sig.=0.002)   
 ×
 
- CuO 
- ZnO 
- TiO2 
p-value
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50%  CuO+ 25% TiO2+25% ZnO25%  CuO+ 25% TiO2+50% ZnO25%  CuO+ 50% TiO2+25% ZnO
TiO2(Sig.=0.998)  ×(Sig.=0.883)  ×(Sig.=0.071)  ×
CuO(Sig.=0.202)  ×(Sig.=0.561)  ×(Sig.=0.989)  ×
ZnO (Sig.=0.813)  ×(Sig.=0.379)  ×(Sig.=0.077)  ×
 ×
- ZnO , TiO2 
- 25%  ZnO+ 75% TiO 
- 50%  ZnO+ 50% TiO 
- 75%  ZnO+ 25% TiO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
Z
n
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .235** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .781** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .235** .781** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
Z
n
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .223** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .936** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .223** .936** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
Z
n
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .325** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .880** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .325** .880** 1 
Sig. (2-tailed) .001 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , TiO2 
 
- 25%  CuO+ 75% TiO 
- 50%  CuO+ 50% TiO 
- 75%  CuO+ 25% TiO 
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Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .221** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .921** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .221** .921** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .456** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .752** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .456** .752** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .358* 
Sig. (2-tailed) - 1.000 .003 
Concentration 
Pearson Correlation .000 1 .743** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .358** .743** 1 
Sig. (2-tailed) .003 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
- CuO , ZnO 
- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
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- 75%  CuO+ 25% ZnO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .185** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .892** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .185** .892** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .296** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .752** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .296** .752** 1 
Sig. (2-tailed) .001 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .456** 
Sig. (2-tailed) - 1.000 .002 
Concentration 
Pearson Correlation .000 1 .780** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .456** .780** 1 
Sig. (2-tailed) .002 .001 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , ZnO,CuO 
- 25%  CuO+ 25% ZnO+50%TiO 
- 25%  CuO+ 50% ZnO+25%TiO 
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- 50%  CuO+ 25% ZnO+25%TiO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
5
0
%
T
iO
 
Time 
Pearson Correlation 1 .000 .296* 
Sig. (2-tailed) - 1.000 .011 
Concentration 
Pearson Correlation .000 1 .836** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .296** .836** 1 
Sig. (2-tailed) .001 .000 - 
2
5
%
  
C
u
O
+
 5
0
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .456** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .762** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .456** .762** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .241** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .659** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .241** .659** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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0
C 
0
Cppt
DO
mg/L 
EC
mho/cm
pH
TDS
mg/l
TSS
mg/l 
 
 
 
LC10
LC10 24h LC10 48 hLC10 72 hLC10 96 h
TiO2(50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
 
 
125 
 
LC50 
LC50 24h LC50 48 hLC50 72 hLC50 96 h
TiO2 (50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2 (25%) + ZnO (25%) 
CuO(25%) +  TiO2 (25%) + ZnO (50%) 
CuO(25%) +  TiO2 (50%) + ZnO (25%) 
LC90 
LC90 24h LC90 48 hLC90 72 hLC90 96 h
TiO2 (50%) + ZnO(50%) 
TiO2 (25%) + ZnO(75%) 
TiO2 (75%) + ZnO(25%) 
CuO(25%) + ZnO(75%) 
CuO(50%) + ZnO(50%) 
CuO(75%) + ZnO(25%) 
CuO(50%) +  TiO2 (50%) 
CuO(25%) +  TiO2 (75%) 
CuO(75%) +  TiO2 (25%) 
CuO(50%) +  TiO2(25%) + ZnO (25%) 
CuO(25%) +  TiO2(25%) + ZnO (50%) 
CuO(25%) +  TiO2(50%) + ZnO (25%) 
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mg/l
TiO2(75%) + ZnO(25%)TiO2(50%) + ZnO(50%) 
mg/l
TiO2(25%) + ZnO(75%)CuO(75%) + TiO2(25%)
 
mg/l
CuO(75%) + ZnO(25%)CuO(50%) + ZnO(50%)
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mg/l
CuO(50%) +  TiO2(50%)CuO(25%) +  TiO2(75%) 
 
mg/l CuO(25%)+ZnO(75%) 
mg/l
CuO(25%)+ TiO2(50%) +ZnO (25%)CuO(25%)+TiO2(25%)+ ZnO (50%)
 
 
 
128 
 
mg/lCuO(50%)+TiO2(25%) + ZnO (25%)
 
- 25%  ZnO+ 75% TiO2 
K-S
- 50%  ZnO+ 50% TiO2 
- 75%  ZnO+ 25% TiO2 
 
 
129 
 
- 75%  CuO+ 25% ZnO 
 
p-value > 0.05
 
- 25%  CuO+ 75% ZnO 
K-S
- 50%  CuO+ 50% ZnO 
One-Way ANOVA
- 50%  CuO+ 50% TiO2 
K-S
- 75%  CuO+ 25% TiO2 
One-Way ANOVA
 
 
131 
 
- 25%  CuO+ 75% TiO2 
-  25%  CuO+ 50% TiO2+25% ZnO 
-  25%  CuO+ 25% TiO2+50% ZnO 
-  50%  CuO+ 25% TiO2+25% ZnO 
K-S
 
-  CuOZnO 
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-  TiO2ZnO 
-  CuOTiO2 
-  ZnO CuOTiO2 
- ZnO+ TiO2ZnO 
- ZnO+TiO2TiO2 
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25%ZnO+75%TiO250%ZnO+50%TiO275%ZnO+25%TiO2
ZnO (Sig.=0.089)  ×(Sig.=0.596)  ×(Sig.=0.887)  ×
TiO2(Sig.=0.993)  ×(Sig.=0.516)  ×(Sig.=0.469)  ×
 ×
- ZnO+CuOZnO 
ZnO
- ZnO+CuOCuO 
 
25%ZnO+75%CuO50%ZnO+50%CuO75%ZnO+25%CuO
ZnO (Sig.=0.001)  (Sig.=0.003)  (Sig.=0.006)   
CuO(Sig.=0.651)  ×(Sig.=0.886)  ×(Sig.=0.402)  ×
 ×
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- TiO2+CuOTiO2 
- TiO2+CuOCuO 
p-value 
25% TiO2+75%CuO50% TiO2+50%CuO75% TiO2+25%CuO
TiO2 (Sig.=0.001)  (Sig.=0.012)  (Sig.=0.038)   
CuO(Sig.=0.033)  (Sig.=0.002)  (Sig.=0.000)   
 ×
- CuO 
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- ZnO 
- TiO2 
p-vale
 50%  CuO+ 25% TiO2+25% ZnO25%  CuO+ 25% TiO2+50% ZnO25%  CuO+ 50% TiO2+25% ZnO
TiO2 (Sig.=0.087)  ×(Sig.=0.321)  ×(Sig.=0.541)  ×
CuO(Sig.=0.502)  ×(Sig.=0.412)  ×(Sig.=0.989)  ×
ZnO (Sig.=0.741)  ×(Sig.=0.121)  ×(Sig.=0.895)  ×
 ×
- ZnO , TiO2 
- 25%  ZnO+ 75% TiO 
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- 50%  ZnO+ 50% TiO 
- 75%  ZnO+ 25% TiO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
Z
n
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .501** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .851** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .501** .851** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
Z
n
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .611** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .772** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .611** .772** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
Z
n
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .407** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .892** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .407** .892** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
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- CuO , TiO2 
- 25%  CuO+ 75% TiO 
- 50%  CuO+ 50% TiO 
- 75%  CuO+ 25% TiO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .576** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .782** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .576** .782** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .580** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .785** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .580** .785** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .581* 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .786** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .581** .786** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
- CuO , ZnO 
 
- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
- 75%  CuO+ 25% ZnO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .459** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .838** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .459** .838** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .447** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .860** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .447** .860** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .523** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .828** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .523** .828** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , ZnO,CuO 
- 25%  CuO+ 25% ZnO+50%TiO 
- 25%  CuO+ 50% ZnO+25%TiO 
- 50%  CuO+ 25% ZnO+25%TiO 
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Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
5
0
%
T
iO
 
Time 
Pearson Correlation 1 .000 .522** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .817** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .522** .817** 1 
Sig. (2-tailed) .000 .000 - 
2
5
%
  
C
u
O
+
 5
0
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .524** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .816** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .524** .816** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .535** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .805** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .535** .805** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
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- n-TiO2
 
- 
 
- 
 
 
141 
 
Z
n
O
 
C
u
O
 
T
iO
2
 
 
 
m
g
/L
 
 
 
 
 
 
 
 
142 
 
mg/lTiO2
 
mg/lCuO 
mg/lZnO 
 
 
 
143 
 
 
- n-CuO
- n-ZnO
- n-TiO2
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
n-TiO2 
Time 
Pearson Correlation 1 .000 .725** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .263** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .725** .263** 1 
Sig. (2-tailed) .001 .001 - 
n-CuO 
Time 
Pearson Correlation 1 .000 .724** 
Sig. (2-tailed)  1.000 .001 
Concentration 
Pearson Correlation .000 1 .326** 
Sig. (2-tailed) 1.000  .000 
Mortality 
Pearson Correlation .724** .326** 1 
Sig. (2-tailed) .001 .000  
n-ZnO 
Time 
Pearson Correlation 1 .000 .213* 
Sig. (2-tailed) - 1.000 .011 
Concentration 
Pearson Correlation .000 1 .921** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .213* .921** 1 
Sig. (2-tailed) .011 .000  
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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146 
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Z
n
O
 
C
u
O
 
T
iO
2
 
m
g
/L
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- n-TiO2
 
- 
 
- 
 
 
149 
 
mg/L
TiO2 
              
              
              
CuO 
              
              
              
ZnO 
              
              
              
 
 
151 
 
mg/lTiO2 
mg/lCuO 
mg/lZnO
 
 
 
151 
 
- n-CuO
- n-ZnO
- n-TiO2
 
sig.
 
 
 
 
152 
 
NPs Variables Pearson Correlation Time Concentration Mortality 
n-TiO2 
Time 
Pearson Correlation 1 .000 .820** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .356** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .820** .356** 1 
Sig. (2-tailed) .000 .001 - 
n-CuO 
Time 
Pearson Correlation 1 .000 .941** 
Sig. (2-tailed)  1.000 .000 
Concentration 
Pearson Correlation .000 1 .273* 
Sig. (2-tailed) 1.000  .014 
Mortality 
Pearson Correlation .941** .273* 1 
Sig. (2-tailed) .000 .014  
n-ZnO 
Time 
Pearson Correlation 1 .000 .369** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .870** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .369* .870** 1 
Sig. (2-tailed) .000 .000  
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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mg/L 
TiO2 
              
              
              
              
CuO 
              
              
              
              
ZnO 
              
              
              
              
 
 
154 
 
n-TiO2
 
 
155 
 
Mg/l 
TiO2 
              
              
              
              
CuO 
              
              
              
              
ZnO 
              
              
              
              
 
 
156 
 
 
 
 
157 
 
mg/L
TiO2 
              
              
              
CuO 
              
              
              
ZnO 
              
              
              
 
 
 
158 
 
 
mg/lTiO2 
 
 
mg/lCuO 
mg/lZnO
 
 
159 
 
- n-CuO
- n-ZnO
 
- n-TiO2
 
Sig.
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NPs Variables Pearson Correlation Time Concentration Mortality 
n-TiO2 
Time 
Pearson Correlation 1 .000 .963** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .189* 
Sig. (2-tailed) 1.000 - .019 
Mortality 
Pearson Correlation .963** .189* 1 
Sig. (2-tailed) .000 .019 - 
n-CuO 
Time 
Pearson Correlation 1 .000 .886** 
Sig. (2-tailed)  1.000 .000 
Concentration 
Pearson Correlation .000 1 .451** 
Sig. (2-tailed) 1.000  .004 
Mortality 
Pearson Correlation .886** .451** 1 
Sig. (2-tailed) .000 .004  
n-ZnO 
Time 
Pearson Correlation 1 .000 .391** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .832** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .391** .832** 1 
Sig. (2-tailed) .000 .000  
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
 
161 
 
Mg/l 
TiO2 
              
              
             
 
              
CuO 
              
              
              
              
ZnO 
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-  TiO2ZnO
-  CuOZnO
-  CuOTiO2
-  ZnO CuOTiO2
 
 
163 
 
75%TiO2+25%ZnO 25%TiO2+75%ZnO 50%TiO2+50%ZnO 
n
-Z
n
O
,n
-T
iO
2
 
 
m
g
/L
 
 
 
 
 
 
 
 
164 
 
75%CuO+25%ZnO 50%CuO+50%ZnO 25%CuO+75%ZnO 
n
-C
u
O
,n
-Z
n
O
 
m
g
/L
 
 
 
 
 
 
 
 
165 
 
75%CuO+25%TiO2 25%CuO+75%TiO2 50%CuO+50%TiO2 
n
-C
u
O
,n
-T
iO
2
 
 
m
g
/L
 
 
 
 
 
 
 
 
166 
 
25%CuO+50%TiO2+25%ZnO 25%CuO+25%TiO2+50%ZnO 50%CuO+25%TiO2+25%ZnO 
m
g
/L
n
-C
u
O
,n
-T
iO
2
,n
-Z
n
O
 
 
 
 
 
 
 
 
 
167 
 
mg/l50%TiO2+50%ZnO 
 
mg/l25%TiO2+75%ZnO
 
mg/l
75%TiO2+25%ZnO 
 
 
168 
 
 
mg/l
25%CuO+75%ZnO 
 
 
mg/l
50%CuO+50%ZnO 
 
 
mg/l75%CuO+25%ZnO 
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mg/l
50%CuO+50%TiO2 
 
 
mg/l
25%CuO+75%TiO2 
 
 
mg/l
75%CuO+25%TiO2 
 
 
 
 
 
171 
 
mg/l
50%CuO+25%TiO2+25%ZnO 
 
 
mg/l
25%CuO+25%TiO2+50%ZnO 
 
 
mg/l
25%CuO+50%TiO2+25%ZnO 
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- ZnO , TiO2 
 
- 25%  ZnO+ 75% TiO 
- 50%  ZnO+ 50% TiO 
- 75%  ZnO+ 25% TiO 
Sig.
 
 
172 
 
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
Z
n
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .891** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .275** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .891** .275** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
Z
n
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .964** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .173* 
Sig. (2-tailed) 1.000 - .021 
Mortality 
Pearson Correlation .964** .173* 1 
Sig. (2-tailed) .000 .021 - 
7
5
%
  
Z
n
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .892** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .312** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .892** .312** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
- CuO , TiO2 
 
- 25%  CuO+ 75% TiO 
- 50%  CuO+ 50% TiO 
- 75%  CuO+ 25% TiO 
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Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .701** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .412** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .701** .412** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .791** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .415** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .791** .415** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .652* 
Sig. (2-tailed) - 1.000 .003 
Concentration 
Pearson Correlation .000 1 .308** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .652** .308** 1 
Sig. (2-tailed) .003 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
CuO , ZnO 
 
- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
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- 75%  CuO+ 25% ZnO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .697** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .293** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .697** .293** 1 
Sig. (2-tailed) .000 .001 - 
5
0
%
  
C
u
O
+
 
5
0
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .935** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .186** 
Sig. (2-tailed) 1.000 - .005 
Mortality 
Pearson Correlation .935** .186** 1 
Sig. (2-tailed) .000 .005 - 
7
5
%
  
C
u
O
+
 
2
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .814** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .396** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .814** .396** 1 
Sig. (2-tailed) .000 .001 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , ZnO,CuO 
- 25%  CuO+ 25% ZnO+50%TiO 
 
 
175 
 
- 25%  CuO+ 50% ZnO+25%TiO 
- 50%  CuO+ 25% ZnO+25%TiO 
Sig.
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
5
0
%
T
iO
 
Time 
Pearson Correlation 1 .000 .961** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .213** 
Sig. (2-tailed) 1.000 - .002 
Mortality 
Pearson Correlation .961** .213** 1 
Sig. (2-tailed) .000 .002 - 
2
5
%
  
C
u
O
+
 5
0
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .770** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .324** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .770** .324** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .890** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .223** 
Sig. (2-tailed) 1.000 - .003 
Mortality 
Pearson Correlation .890** .223** 1 
Sig. (2-tailed) .000 .003 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
176 
 
-  TiO2ZnO
-  CuOZnO
-  CuOTiO2
-  ZnO CuOTiO2
 
 
 
177 
 
75%TiO2+25%ZnO 
25%TiO2+75%Zn
O 
50%TiO2+50%ZnO
 
n
-T
iO
2
.n
-Z
n
O
 
m
g
/L
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75%CuO+25%ZnO 50%CuO+50%ZnO 25%CuO+75%ZnO 
 
n
-C
u
O
 ,
 n
-Z
n
O
m
g
/L
 
 
 
179 
 
75%CuO+25%TiO2 25%CuO+75%TiO2 50%CuO+50%TiO2 
 
m
g
/L
 
 
 
181 
 
25%CuO+50%TiO2+25%ZnO 25%CuO+25%TiO2+50%ZnO 50%CuO+25%TiO2+25%ZnO 
 
 
m
g
/L
 
 
 
181 
 
 TiO2ZnO
o 50%TiO2+50%ZnO
 
o 25%TiO2+75%ZnO
 
o 75%TiO2+25%ZnO
 
 
 
182 
 
-  CuOZnO
 
o 25%CuO+75%ZnO
 
o 50%CuO+50%ZnO
 
o 75%CuO+25%ZnO
 
-  CuOTiO2
 
o 50%CuO+50%TiO2
 
o 25%CuO+75%TiO2
 
o 75%CuO+25%TiO2 
 
-  ZnO CuOTiO2
 
 
 
183 
 
o 50%CuO+25%TiO2+25%ZnO
 
o 25%CuO+25%TiO2+50%ZnO
 
o 25%CuO+50%TiO2+25%ZnO
 
mg/L
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0
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187 
 
- ZnO , TiO2 
 
- 25%  ZnO+ 75% TiO 
- 50%  ZnO+ 50% TiO 
- 75%  ZnO+ 25% TiO 
Sig.
 
 
188 
 
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
Z
n
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .739** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .172* 
Sig. (2-tailed) 1.000 - .020 
Mortality 
Pearson Correlation .739** .172** 1 
Sig. (2-tailed) .000 .020 - 
5
0
%
  
Z
n
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .819** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .336** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .819** .336** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
Z
n
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .750** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .491** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .750** .491** 1 
Sig. (2-tailed) .001 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
- CuO , TiO2 
 
- 25%  CuO+ 75% TiO 
- 50%  CuO+ 50% TiO 
- 75%  CuO+ 25% TiO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .627** 
Sig. (2-tailed) - 1.000 .005 
Concentration 
Pearson Correlation .000 1 .560** 
Sig. (2-tailed) 1.000 - .002 
Mortality 
Pearson Correlation .627** .560** 1 
Sig. (2-tailed) .005 .002 - 
5
0
%
  
C
u
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .814** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .332** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .814** .332** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .551* 
Sig. (2-tailed) - 1.000 .004 
Concentration 
Pearson Correlation .000 1 .468** 
Sig. (2-tailed) 1.000 - .002 
Mortality 
Pearson Correlation .551** .468** 1 
Sig. (2-tailed) .004 .002 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , ZnO 
 
- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
- 75%  CuO+ 25% ZnO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .618** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .420** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .618** .420** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .813** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .538** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .813** .538** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .749** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .336** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .749** .336** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , ZnO,CuO 
- 25%  CuO+ 25% ZnO+50%TiO 
- 25%  CuO+ 50% ZnO+25%TiO 
- 50%  CuO+ 25% ZnO+25%TiO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
5
0
%
T
iO
 
Time 
Pearson Correlation 1 .000 .677** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .393** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .677** .393** 1 
Sig. (2-tailed) .000 .000 - 
2
5
%
  
C
u
O
+
 5
0
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .788** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .354** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .788** .354** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .569** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .441** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .569** .441** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
50%TiO2+50%ZnO
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-  TiO2ZnO
-  CuOZnO
-  CuOTiO2
-  ZnO CuOTiO2
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-  TiO2ZnO
-  CuOZnO
- CuOTiO2
 
-  ZnO CuOTiO2
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212 
 
 
-  TiO2ZnO
o 50%TiO2+50%ZnO
 
o 25%TiO2+75%ZnO
 
o 75%TiO2+25%ZnO
 
-  CuOZnO
 
 
 
213 
 
o 25%CuO+75%ZnO
 
o 50%CuO+50%ZnO
 
o 75%CuO+25%ZnO
 
-  CuOTiO2
 
o 50%CuO+50%TiO2
 
o 25%CuO+75%TiO2
 
o 75%CuO+25%TiO2 
 
-  ZnO CuOTiO2 
o 50%CuO+25%TiO2+25%ZnO
 
o 25%CuO+25%TiO2+50%ZnO
 
o 25%CuO+50%TiO2+25%ZnO
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n-TiO2,n-ZnO 
mg/L
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n-CuO,n-TiO2 
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218 
 
- ZnO , TiO2 
- 25%  ZnO+ 75% TiO 
- 50%  ZnO+ 50% TiO 
- 75%  ZnO+ 25% TiO 
Sig.
 
 
219 
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
Z
n
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .612** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .446** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .612** .446** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
Z
n
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .758** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .317** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .755** .317** 1 
Sig. (2-tailed) .000 .001 - 
7
5
%
  
Z
n
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .891** 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .367** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .891** .367** 1 
Sig. (2-tailed) .001 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
- CuO , TiO2 
 
- 25%  CuO+ 75% TiO 
- 50%  CuO+ 50% TiO 
- 75%  CuO+ 25% TiO 
Sig.
 
 
211 
 
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .788** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .492** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .788** .492** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .920** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .186* 
Sig. (2-tailed) 1.000 - .018 
Mortality 
Pearson Correlation .920** .186* 1 
Sig. (2-tailed) .000 .018 - 
7
5
%
  
C
u
O
+
 
2
5
%
 T
iO
 
Time 
Pearson Correlation 1 .000 .563* 
Sig. (2-tailed) - 1.000 .001 
Concentration 
Pearson Correlation .000 1 .391** 
Sig. (2-tailed) 1.000 - .001 
Mortality 
Pearson Correlation .563** .391** 1 
Sig. (2-tailed) .001 .001 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
**. Correlation is significant at the 0.05 level (2-tailed). 
 
 
- CuO , ZnO 
 
- 25%  CuO+ 75% ZnO 
- 50%  CuO+ 50% ZnO 
- 75%  CuO+ 25% ZnO 
Sig.
 
 
211 
 
 
 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
7
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .861** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .422** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .861** .422** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 
5
0
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .779** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .281** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .779** .281** 1 
Sig. (2-tailed) .000 .000 - 
7
5
%
  
C
u
O
+
 
2
5
%
 Z
n
O
 
Time 
Pearson Correlation 1 .000 .569** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .311** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .569** .311** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
- CuO , ZnO,CuO 
- 25%  CuO+ 25% ZnO+50%TiO 
 
- 25%  CuO+ 50% ZnO+25%TiO 
- 50%  CuO+ 25% ZnO+25%TiO 
Sig.
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 NPs Variables Pearson Correlation Time Concentration Mortality 
2
5
%
  
C
u
O
+
 
2
5
%
 
Z
n
O
+
5
0
%
T
iO
 
Time 
Pearson Correlation 1 .000 .917** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .171* 
Sig. (2-tailed) 1.000 - .022 
Mortality 
Pearson Correlation .917** .171** 1 
Sig. (2-tailed) .000 .022 - 
2
5
%
  
C
u
O
+
 5
0
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .631** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .542** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .631** .542** 1 
Sig. (2-tailed) .000 .000 - 
5
0
%
  
C
u
O
+
 2
5
%
 
Z
n
O
+
2
5
%
T
iO
 
Time 
Pearson Correlation 1 .000 .728** 
Sig. (2-tailed) - 1.000 .000 
Concentration 
Pearson Correlation .000 1 .344** 
Sig. (2-tailed) 1.000 - .000 
Mortality 
Pearson Correlation .728** .344** 1 
Sig. (2-tailed) .000 .000 - 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
-  TiO2ZnO
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-  CuZnO
-  CuOTiO2
-  ZnO CuOTiO2
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221 
 
LC 50 48h
HeinlaanLC 50 48h
Heinlaan, Ivask et al. 2008
ZhuZhu, Zhu et al. 2008Wiench 
Wiench, Wohlleben et al. 2009Lopes (Lopes, Ribeiro et al. 2014)
BlinovaBlinova, Ivask et al. 2010
Lui
Liu, Fan et al. 2014
HeinlaanLC50
Zhu
GriffitGriffitt, Luo et al. 2008
Wiench 
StrigulStrigul, Vaccari et 
al. 2009
Hall 
Griffitt
Strigul Heinlaan
GriffitZhu 
 
 
221 
 
LC50
Liu
Heinlaan
BlinovaBlinova, Ivask et al. 2010
LC5096h
Zhu Weich
US.EPA
LC50 96 h
LC50US.EPA.2010
 SAR,SAFE
SARSAFE
SAFE
LC50 (mg/l) 
 
 
222 
 
SAR
SAFE 
SAR
SAFRSAR
LC50 96h 
SAFE=3SAR=0/015
 
 
Johari and Asghari 2015 
Xiao
Xiao, Vijver et al. 2015 
 
 
 
223 
 
Zhu LiuLopes
 HeinlaanWeinchHai-
ZhouZhuStrigul 
Lovern Klaper
Lovern and Klaper 2006
Zhu
Zhu, Zhu et al. 2008
XiaoXiao
 
 
224 
 
Lopes 
Lopes, Ribeiro et al. 
2014, Xiao, Vijver et al. 2015, Xiao, Peijnenburg et al. 2016 
LC50 96h
QiuQiu, Thiyagarajan et al. 
2005Cu
Qui 
Piazza, Gambardella et al. 2016
Faimali Zn pyrithioneCopper pyrithione
LC50 24h
CHNOSZn 
Faimali, Garaventa et al. 2006
Qiu 
FimaliPiazza
US.EPA
 
 
225 
 
LC50 96 h
 
 SAR,SAFE
SAFE
SAR
SAR
SARSAFE
  
Qiu Fimali
Piazza
  
 
 
 
226 
 
QiuPiazza
Qiu, Thiyagarajan et al. 2005, 
Piazza, Gambardella et al. 2016 Blinova
Blinova, Ivask et al. 2010 
LC50 96h
MinettoMinetto, Libralato et al. 2014
Ozkan 
Ates
LC50 96h >100 mg/lAtes, Daniels 
et al. 2013
Verriopoulos
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 Hp تکرار
 DS NAEM 96 42 42 24 0
 14.0 4.4 4 4 6.2 4.2 4.2 1
 40.0 4.2 6.2 4 4 6.2 4.2 4
 01.0 6.2 4 4 6.2 4.2 4.2 3
 )l/gm(ژن محلول ياکس تکرار
 DS NAEM 96 42 42 24 0
 41.0 6.9 4.9 4.9 6.9 4.9 2.9 1
 60.0 2.9 2.9 2.9 4.9 4.9 2.9 4
 20.0 4.9 4.9 4.9 6.9 4.9 2.9 3
 
 تکرار
 آب يدما
 DS NAEM 96 42 42 24 0
 00.0 1.44 1.44 1.44 1.44 44 44 1
 40.0 1.44 1.44 4.44 1.44 44 44 4
 31.0 0.44 1.44 44 1.44 4.24 1.44 3
 تکرار
 اتاق يدما
 DS NAEM 96 42 42 24 0
 33.0 9.44 6.64 1.03 4.64 64 03 1
 20.0 4.13 2.64 9.03 2.64 13 9.64 4
 22.0 4.64 6.64 1.03 4.64 64 03 3
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رارکت EC (mho/cm) 
0 42 24 24 69 MEAN SD 
1 26000 26000 40000 41000 44000 41300 1400.00 
4 26100 26200 40000 41000 41000 41400 1040.00 
3 26000 26000 40000 41000 44000 40300 1402.19 
 
  
رارکت Salinity (ppt) 
0 42 24 24 69 MEAN SD 
1 24 23 24 23 23 23.4 0.3 
4 24 24 24 23 22 21.0 0.2 
3 24 23 24 23 23 24.1 0.0 
 
رارکت TDS (mg/l) 
0 42 24 24 69 MEAN SD 
1 20000 20000 29000 22000 26000 22400 1300 
4 20000 20000 29000 24000 24000 29400 1942 
3 20000 20000 29000 22000 26000 29200 1923 
 
 
رارکت TSS (mg/l) 
0 42 24 24 69 MEAN SD 
1 03 03 02 02 02 00.3 0.4 
4 03 02 02 02 00 02.1 0.2 
3 03 03 02 02 02 03.9 0.0 
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 Hp تکرار
 DS NAEM 96 42 42 24 0
 60.0 3.2 1.2 2 4.2 2 1.2 1
 30.0 4.2 4.2 1.2 4.2 4.2 4.2 4
 40.0 1.2 1.2 2 4.2 2 1.2 3
 )l/gm(ژن محلول ياکس تکرار
 DS NAEM 96 42 42 24 0
 11.0 4.2 2 4.2 4.2 1.2 6.9 1
 21.0 0.2 2 1.2 1.2 4.2 6.9 4
 31.0 3.2 2 4.2 4.2 1.2 6.9 3
 
 تکرار
 آب يدما
 DS NAEM 96 42 42 24 0
 31.0 4.44 3.44 1.44 3.44 4.44 44 1
 01.0 1.44 4.44 44 44 4.44 1.44 4
 31.0 4.44 3.44 1.44 3.44 4.44 44 3
 
 تکرار
 اتاق يدما
 DS NAEM 96 42 42 24 0
 24.0 3.82 92 3.82 82 1.82 82 1
 46.0 4.82 1.92 1.82 8.72 8.72 92 4
 24.0 3.82 92 3.82 82 1.82 82 3
 
 
272 
 
رارکت EC (mho/cm) 
0 42 24 24 69 MEAN SD 
1 900 900 990 940 200 940 40.0 
4 930 990 940 200 960 990 41.4 
3 900 900 990 940 200 994 41.2 
 
 
رارکت Salinity (ppt) 
0 42 24 24 69 MEAN SD 
1 0.1 0.1 0.4 0.4 0.4 0.1 0.1 
4 0.1 0.1 0.4 0.4 0.4 0.4 0.1 
3 0.1 0.1 0.4 0.4 0.4 0.4 0.1 
 
 
رارکت TDS (mg/l) 
0 42 24 24 69 MEAN SD 
1 300 340 340 330 320 330.0 13.4 
4 310 310 320 300 300 340.0 14.0 
3 300 340 340 330 320 340.0 12.4 
 
رارکت TSS (mg/l) 
0 42 24 24 69 MEAN SD 
1 4 4 4 4 3 4.1 0.3 
4 4 4 4 3 3 4.3 0.1 
3 4 4 4 4 3 4.4 0.2 
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 Hp تکرار
 DS NAEM 96 42 42 24 0
 00.0 1.4 2.4 0.4 2.4 3.4 1.4 1
 20.0 4.4 2.4 0.4 2.4 3.4 1.4 4
 40.0 3.4 2.4 0.4 2.4 3.4 1.4 3
 )l/gm(ژن محلول ياکس تکرار
 DS NAEM 96 42 42 24 0
 01.0 0.9 4.9 2.9 4.9 0.9 0.9 1
 40.0 9.9 2.9 4.9 9.9 2.9 9.9 4
 01.0 2.9 4.9 2.9 4.9 0.9 0.9 3
 
 تکرار
 آب يدما
 DS NAEM 96 42 42 24 0
 02.0 2.24 0.34 24 24 4.34 34 1
 02.0 1.24 24 04 0.34 34 4.34 4
 92.0 0.34 0.34 24 24 4.34 34 3
 
 تکرار
 اتاق يدما
 DS NAEM 96 42 42 24 0
 03.0 0.44 64 3.44 44 1.44 44 1
 42.0 1.64 3.64 1.44 4.44 1.44 0.44 4
 42.0 3.44 64 3.44 44 1.44 44 3
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رارکت EC (mho/cm) 
0 42 24 24 69 MEAN SD 
1 00200 01000 01000 01200 01400 01300 040.04 
4 00000 00400 01000 01000 04000 04190 062.12 
3 00200 01000 01000 01200 01400 01440 040.04 
 
رارکت Salinity (ppt) 
0 42 24 24 69 MEAN SD 
1 36 36 20 20 21 20.4 0.01 
4 20 21 20 21 21 21.1 0.30 
3 36 36 20 20 21 36.4 0.42 
 
 
رارکت TDS (mg/l) 
0 42 24 24 69 MEAN SD 
1 34000 34000 36000 36000 36000 36100.00 920.00 
4 34000 34000 36400 36300 36200 36300.00 030.00 
3 34000 34000 36000 36000 36000 34600.00 901.64 
 
رارکت TSS (mg/l) 
0 42 24 24 69 MEAN SD 
1 26 26 00 26 00 00.00 0.32 
4 26 26 26 00 00 00.00 0.20 
3 26 26 00 26 00 26.20 0.00 
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Abstract: 
In this study, toxicity and probable effects of nanomaterial’s including  titanium dioxide, 
copper oxide and zinc oxide in acute and chronic toxicity tests, separately and together has 
been studied on indicator species of water resources, including  Daphnia magna, 
Amphibalanus amphitrit,  Artemia fransiscan .Acute toxicity effects has been studid During 
the 96-hour and chronic toxicity test done in 14-day period 
(Artemia franciscana and Amphibalanus amphitrite) and 21 days (Daphnia magna), in 
exposure to Nano-materials separately, and the percentage of two nanomaterial’s and all three 
Nano-materials to study synergistic effects. Water quality parameters including DO, pH, EC, 
temperature, water hardness, SS and TDS in all treatments were measured, daily. The number 
and percentage of daily mortality recorded and by using Probite software LC50, LC10, 
LC90 were calculated. In chronic toxicity tests other parameters including larval development 
success, fertility, the percentage of adhesion to surfaces (barnacles) were recorded. 
Daphnia magna acute lethal toxicity LC50 96h for exposure to titanium dioxide, zinc oxide 
and copper oxide nanoparticles, were 123.796, 0.648 and 2.991 mg/ l respectively, and  for 
barnacle were 25.434, 143.776 and 2.501 ml/l respectively, and  for Artemia were 30.548, 
173.209 and 4.328 mg/l, respectively. Statistical analysis and correlation coefficients in acute 
toxicity test showed a significant correlation between mortality and time. In Acute toxicity 
tests on Daphnia magna was found that titanium oxide and zinc oxide enhances the effects of 
mortality caused by copper. However, titanium dioxide and zinc has no effect on these at the 
same time not increasing. In the case of titanium dioxide and zinc oxide showed the 
synergistic effect on the toxicity of copper oxide, and copper oxide, titanium dioxide has a 
synergistic effect in toxicity. In Artemia titanium dioxide and zinc oxide, has the synergistic 
effect of copper oxide and copper oxide have the synergistic effect of titanium dioxide. In 
chronic toxicity studies in addition to mortality, the percentage of adhesion (Barnacles), 
success in the development of the larval stages, reproductive success, respond to light, were 
analyzed. These nanomaterials have an adverse effect on fertile time, delay and time spent in 
the larval stages of species, light respond and swimming in this species. 
Keywords: Daphnia magna, Amphibalanus amphitrit, Artemia fransiscan, Nanomaterials,        
Acute toxicity, Chronic toxicity,Synergistic effect. 
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